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Abstract 


Approaching the national Kyoto Protocol (KP) targets involves a re-definition of the 
actual configuration of local energy systems. This study deals with a local scale application 
of the IEA-MARKAL models generator, in which the anthropogenic system of Basilicata 
Region (Southern Italy) is investigated to support the definition of coherent long-term stra- 
tegies and sound climate protection policies. A scenario by scenario analysis points out the 
behaviour of the optimal mix of fuels and technologies in the presence of carbon dioxide 
emissions constraints. Trade off curves and reduced costs analyses outline the most effective 
actions for contributing to the national KP targets, with particular emphasis on the interven- 
tions in Civil (Residential, Commercial & Services) and waste management sectors. 
© 2003 Elsevier Ltd. All rights reserved. 
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1. Introduction 


The Kyoto Protocol (KP), negotiated by over 160 countries in December 1997, 
follows the 1992 UN Framework Convention on Climate Change (UNFCCC) and 
contains legally binding greenhouse gas (GHG) emission targets for developing 
countries in order to prevent anthropogenic interference with the climate system. 
Italy, as part of the so-called Annex B parties, has to reduce its overall GHG emis- 
sion level by at least 6.5% below 1990 levels (as concerns CO2, CH4, N20) or 1995 
levels (as concerns HFCs, PFCs, SF6) in the commitment period 2008-2012. 

Recognising the key-role of technology innovation in the reduction of GHGs on 
a medium-long term [1], the Italian Law no. 120 of 1 June 2002 ratifies the KP and 
identifies a set of guidelines on policies and measures, mainly focused on an 
increase of the energy efficiency of the national economic system and a more con- 
sistent use of renewable energy sources (promotion of biomass-based combined 
heat and power plants, promotion of solar thermal, wind, photovoltaic, waste and 
biogas-based power plants) [2]. These provisions are applied on a national system 
characterised by an increasing trend (+5.4% between 1990 and 2000) of the carbon 
dioxide (CO2) emissions, which account for 84.7% of all greenhouse gas emissions 
in CO >-equivalent [3]. 

The elaboration of a national climate change strategy requires the implemen- 
tation of many measures in different economic and technological sectors, as out- 
lined previously by the Italian Guidelines for national policies and measures of 
greenhouse gases emissions [4]. These measures cannot leave out of consideration 
the new role of the regions and local government bodies, which on 5 June 2001, 
signed an Agreement Protocol aimed at reducing emissions of greenhouse gases 
into the atmosphere [5]. 

Focused on the case study of Basilicata, a South-Italian region, this research is 
aimed to provide energy analysts and local energy planners with an assessment of 
strategies, measures and interventions on local energy systems, aimed at coping 
with the national KP targets. 

Based on the MARKAL models generator of the International Energy Agency, 
MARKAL-Basilicata was implemented to perform a comprehensive analysis of the 
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regional energy system, evaluating the feasibility of reductions in fossil fuels con- 
sumption, improvements of technological efficiency, and the promotion of renew- 
able energy sources. The effects of carbon dioxide constraints on the model 
solutions are also discussed with reference to changes in technological choice, 
repercussions on the system costs and effects on local air pollutants. 


2. Methodology 


Much progress has been made up till now in the development of modelling tools 
to support the decision making process in different sectors (Agriculture, Energy, 
Environment, Transports). 

As concerns the energy sector, a recent methodology developed under the IEA 
programme for Energy Conservation in Buildings and Community Systems, Annex 
33, is the Advanced Local Energy Planning (ALEP). ALEP is aimed to develop 
consistent “comprehensive” energy plans, by a combination of long-term strategy 
planning with a more detailed one (related to subsystems). It is based on the inte- 
gration of different tools (databases, comprehensive models, auxiliary tools) and its 
results serve as the basis for “a group-dynamic approach to achieve consensual 
solutions among the different actors who are involved in the implementation of this 
plan” [6,7]. 

The focal tool of the ALEP methodology is represented by the MARKAL mod- 
els generator [8-10], a widely applied bottom-up, dynamic, originally and mostly a 
linear programming (LP) model developed by the Energy Technology System 
Analysis Programme (ETSAP) of the International Energy Agency [11]. MAR- 
KAL provides a comprehensive approach of energy and commodities system: it is 
driven by end-use commodities demands and is characterised by an integrated rep- 
resentation of extraction, production, trading, transformation and end-uses of 
energy forms and some materials. The optimisation routine allows users to identify 
the least-cost combination of technologies and fuels for each time period con- 
sidered (usually 3-year or 5-year). A variety of different constraints may be applied 
to provide a consistent representation of the energy system (e.g. for balancing 
energy inputs and outputs) and to analyse the effects of environmental and policy 
issues (for instance introducing sectoral or system-wide emissions limits on an 
annual basis or cumulatively over time) on the time horizon, in compliance with 
the exogenous constraints. 

These features make MARKAL a powerful tool for providing policy makers and 
planners in the public and private sector with an understanding of the interplay 
between the macro-economy and energy use [12]. The growing amount of MAR- 
KAL experience world-wide has given rise to various model variants, whose main 
characteristics can be found in the literature [13-19]. 

Whatever is the variant chosen, MARKAL users can generate suited models, 
different for time horizon, spatial scale and technology detail, according to the 
study objectives. In particular it allows users to enlarge the typical boundaries of 
system engineering models, often focused on single sectors (e.g. energy, transpor- 
tation, waste management) and on single phases of the life cycle of a process/pro- 
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duct. This enlargement towards a “comprehensive” approach makes it possible to 
take into account the entire chain of energy and material flows, evaluating the 
environmental costs due to each phase (from primary production to disposal). This 
is particularly useful in the definition of strategies for reducing GHGs emissions, 
where material flows and, in particular, waste produced by the anthropogenic 
activities system play a crucial role [20]. 

In this study a MARKAL-generated subsystem model (WAMMM—WAste 
Management MARKAL Model) was used for the analysis of the waste manage- 
ment system of the Basilicata region. This choice assured that both the subsystem 
and the comprehensive models have the same structure and, in particular, the same 
multi-period desegregation. 

Results obtained at this stage, described in previous papers [21,22], showed that 
the energy system model MARKAL can be usefully used on a local scale to define 
sustainable integrated waste management strategies. Therefore, these results were 
included in the comprehensive model, MARKAL-Basilicata, implemented to inves- 
tigate on the possible contribution of local communities to national GHGs 
emissions reduction strategies, focusing on the contribution of different macro- 
economic sectors and the waste management system. 

MARKAL-Basilicata is characterised by a multi-region approach, obtained by 
using the Regional MARKAL (R-MARKAL) variant. This variant allows mod- 
ellers to simultaneously optimise energy systems related to two or more “regions”, 
administrative areas with their own productive and end-uses systems, linked by 
energy and material flows (electric energy, process heat, waste, etc.). Although R- 
MARKAL has been mostly applied up till now on a supranational scale to analyse 
emission trading mechanisms between national energy systems [13], R-MARKAL 
can also be used to support energy-environmental planning at the local scale [23], 
providing sector specific information. 


3. The REMS of MARKALI-Basilicata 


The MARKAL database is organised and structured around the concept of Ref- 
erence Energy and Material System (REMS), which is a network description of 
energy and material flows in the concerned region, with a precise description of all 
technologies that are involved (or potentially involved) in the production, trans- 
formation and use of various energy forms. 

The useful demands, which drive the model, correspond to energy services 
required by the economic activities of the local system and are satisfied by demand 
devices (categorised by sector) that transform energy carriers into useful demands. 
The energy carriers are produced by processes (when they correspond to storable 
energy forms, like fossil fuels), or by conversion technologies (when they corre- 
spond to electricity or low temperature heat) [24]. 

Each technology is described by a set of parameters, which includes technical 
(efficiency, capacity factor, physical lifetime), economic (investment costs, fixed/ 
variable operating and maintenance costs) and environmental data (emissions fac- 
tors). Therefore, the specification of new technologies, which are less energy or car- 
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bon intensive, allows the user to explore the effects of these choices on total system 
costs, changes in fuel and technology mix, and the levels of greenhouse gases and 
other emissions [12]. 

The REMS of MARKAL-Basilicata was built-up on the basis of the main char- 
acteristics of the local end-use energy services (demands), using a different level of 
desegregation in relation to data availability, possible use of renewable sources and 
application of environmental restrictions. The end-uses demands are met by a net- 
work of technologies which, initially, reproduces the actual configuration and, sub- 
sequently, take into account technological development (turnover of devices, 
introduction of renewable energy sources, changes in waste management options, 
etc.). 

The analysed sectors are: Agriculture, Civil (Residential, Commercial and Ser- 
vices), Industry (Food and Drink, Paper, Chemical, Mining, Building materials, 
Mechanic, Iron and steel industry, Textile, Glass-Ceramics, Buildings, Other indus- 
tries, electric energy, gas and water), Transport (Railway and Road) and Waste 
management (plastic films from Agriculture, municipal solid waste—MSW—and 
secondary raw materials, industrial waste streams). 

An aggregated representation of the MARKAL-Basilicata REMS is represented 
in Fig. 1. It shows that two dummy “regions” were identified in order to perform a 
joint optimisation of the regional anthropogenic system. The first region models 
the “supply side” (waste management and conversion technologies), whereas the 
second one regards the “demand side” (Agriculture, Residential, Commercial and 
Services, Industry and Transport). The two regions, modelled as different energy 
systems, are linked by energy and material flows. In particular the conversion tech- 
nologies and the incinerators (Region 1) supply electricity to all the sectors of 
Region 2 and low-temperature heat to residential areas (Civil sector). At the same 
time the waste produced by the anthropogenic activities system becomes an input 
flows for the regional waste management system. In such a way a comprehensive 
analysis of both the commodities production phase and their disposal phase is per- 
formed, pointing out the optimal solution for each sector and the role of energy 
and material flows in the achievement of sustainable strategies. 

As concerns the Waste management sector, in compliance with the national laws 
[25], the landfilling of waste streams (which represent the actual situation) is pro- 
gressively substituted by an integrated system of technologies aimed at waste valor- 
isation and pollution prevention. Taking into account the main results obtained by 
the applications of the WAMMM model, the waste handling system for municipal 
solid waste (MSW) is based on the following actions: separate collection of second- 
ary raw materials (SRM: paper/cardboard, plastics, glass, aluminium cans, etc.), 
mechanical pre-treatments (by rotary drum screening), combined use of three main 
processes: incineration with energy recovery of the “dry” fraction resulting from 
screening, aerobic stabilisation of the “moist” fraction and high-quality compost- 
ing of selected biodegradable matter. A co-generation of electricity and low-tem- 
perature heat from incineration was considered in this study as well as the 
realisation of a district heating system in the areas surrounding the incinerators. 
Moreover the REMS takes into account also wastes from Agriculture (plastic 
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Fig. 1. Aggregated representation of the REMS of MARKAL-Basilicata. 
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films), and nonhazardous/hazardous solid wastes for Industry and Transport. Also 
in this case, incineration with energy recovery was considered as the alternative 
option to landfilling, whereas matter valorisation (by export and recycling in neigh- 
bour regions) was also taken into account for agricultural plastics. 

With regard to the electric energy production, photovoltaic and wind power 
were introduced besides power plants and energy import (Fig. 1). Moreover, waste 
incineration represents a further energy source, contributing to electric energy and 
low-temperature heat production. 

As concerns Residential, thermal uses (space heating, cooking, water heating) 
and electrical uses (lighting, domestic electrical appliances, general services for 
households) of dwellings were modelled. According to the national decree on final 
uses [26] an improvement of the actual technology network was taken into account 
to explicit the substitution of obsolete devices (e.g. domestic electrical appliances 
and boilers) and the effect of insulating interventions on existing buildings. More- 
over, two main renewable technologies were taken into account for new residential 
areas: heat exchangers for water and space heating of districts on the surrounding 
neighborhood of incineration plants, and solar collectors for water heating. In 
particular, three different options of solar collectors were modelled, depending on 
their installation (on pitch roofs, on flat roofs or in gardens) and characterised by 
different costs. On the other hand, the energy uses of commercial activities, offices 
and several services (hotels, hospitals, universities, sports complex) were considered 
in an aggregate way to take into account the energy and waste flows of the local 
Commercial and services sector. 

A “black-box” modelling of Agriculture, Industry (twelve sub-sectors) and 
Transport (two sub-sectors) was adopted to take into account input flows of 
energy vectors and wastes in output, according to the subdivision of the energy 
regional balance [27]. Such a representation will allow a further desegregation of 
these sectors as soon as the related sector plans will be available and to fulfil new 
research issues. 


3.1. Choice of scenarios 


The multi-period structure of MARKAL allows users a detailed analysis of poss- 
ible developments of the local energy system on a chosen time horizon, describing 
in each time period, the available technologies and resources (fossil fuels, waste, 
etc.). 

With regard to MARKAL-Basilicata, a 27-year time horizon (1996-2022, set up 
by nine 3-year slice periods) was considered for assessing the consequences of car- 
bon dioxide reduction on the local anthropogenic system. The length of the time 
horizon was chosen in order to take into account the average life of devices and, 
thus, the effects of technological turnover on the local system. A constant end-uses 
demand was assumed and future costs were discounted to present values using a 
4% money discount rate. 

A scenario by scenario analysis was performed to analyse the consequences of 
exogenous environmental constraints upon the model and, in particular, to investi- 
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Table 1 

Main characteristics of the analysed scenarios 

Scenarios: BASE Post-Kyoto 

Main features: CO,-3.7 CO,-4.1 CO,-4.3 CO,-4.4 

Civil Technological turnover for domestic electrical appliances and boilers 
Insulating interventions on existing buildings 

Conversion sector Wind power and photovoltaic 


Solar collectors 
District heating 
Waste management Only Integrated WMS 
landfilling Electricity and heat recovery from incineration 
Increasing target for separate collection of secondary materials from private 
households (from 5% to 35%) 


Imposed restrictions Nothing (do No landfilling for untreated waste (from the III time period) 
nothing 3.7% 4.1% 4.3% 4.4% 
scenario) reduction of reductionof reduction of reduction of 


total CO, total CO, total CO, total CO, 


gate on the possible share of renewable energy technologies. Table | gives an over- 
all picture of the main differences among the analysed scenarios. The baseline scen- 
ario (BASE) is characterised by the absence of environmental constraints, an 
efficiency improvement due to technology turnover in the households and by a pro- 
gressive increase of separate collection of waste (aluminium cans, paper and card- 
board, plastics, glass, and fermentable matter), from the actual 5% (I period) up to 
the legislative target 35% (from IV period). 

An environmentally constrained scenario (Post-Kyoto) was introduced to ana- 
lyse the effects of carbon dioxide restrictions on the technological configuration of 
the energy system, calculating the emission levels of other air pollutants. For the 
Post-Kyoto scenario, further renewable conversion technologies were modelled as 
well as the adoption of an integrated waste management system, in compliance 
with national laws [25]. Therefore, the cases CO-3.7, CO2-4.1, CO2-4.3, CO -4.4 
investigate, respectively, on a 3.7%, 4.1%, 4.3%, and 4.4% abatement reduction of 
the total CO, emissions, imposed (and calculated) on the overall time horizon. 


4. Results 
4.1. Use of energy sources and technologies 


The primal solutions of MARKAL generated models provide the user with the 
optimal levels of activities (amounts of energy and materials flows, installed technol- 
ogies), emissions of pollutants and costs. This information is reported on a 
one-year base (the central year of each time period) as well as for the entire time 
horizon (discounting opportunely all the cost components), supporting energy ana- 
lysts with a detailed description of the suggested strategies for optimal resources use. 

At the same time, the dual solution allows energy analysts to get an insight into 
the economic consequences of the model choice. It provides, in fact, the shadow 
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prices of resources and the reduced costs of not-marginal technologies, which are 
very useful in the definition of economic strategies (taxes, tariffs, incentives...) for 
carrying out the optimal strategies of resources management suggested by the 
model. 

The main results obtained for the Base and the Post-Kyoto scenarios are dis- 
cussed in the following paragraphs, pointing out the main changes in the mix of 
energy vectors and technologies, and the related economic and environmental 
implications. 


4.1.1. The Base scenario 

The reference scenario is essential in order to define the optimal basic configur- 
ation of the energy system in a “business as usual” configuration, and to find out 
the no-regret options, that is, the low-cost alternative technologies for a better 
resources management. 

Particular importance was given to the discussion of the results obtained for the 
Waste management system and the Civil sector, which contribute significantly to 
the anthropogenic atmospheric emissions and are interested by relevant changes in 
the legislative framework. 

With regard to the Waste management system, in absence of superimposed 
environmental and legislative constraints, the optimisation routine reproduces the 
actual configuration of the system, in which landfilling is the marginal option, that 
is, the most cost-effective one, for all the waste flows. Moreover the increasing tar- 
get of separate collection, which also involves selected fermentable matter (food 
scraps from refectories, pruning residuals, etc.) from the I time period entails a 
production of high quality compost that varies between 7000 and 12 000 tonnes per 
year, respectively, for a 15% and a 35% target of separate collection. 

As concerns the Civil sector, a 13.7% reduction in energy use is observed, due to 
the technological turnover and insulation, which leads to an overall 4% reduction 
of the fossil fuels use for the regional system. In particular, the contribution of 
insulation is about 12.4 kton and the effect of energy saving coming from efficiency 
improvement is about 8 kton. 

Fig. 2 shows the trend of energy uses in the Civil sector on the analysed time 
horizon. It can be noted that a decrease of fossil fuels use from the second time 
period (2000) and a relevant reduction of LPG (—28%) and natural gas (—13%) 
use. Natural gas and electricity are still the most used energy vectors whereas diesel 
oil and kerosene are cut off from 2000. 

As concerns technology choice for thermal energy production (Fig. 3), from the 
year 2000 combined single-family LPG and natural gas boilers replace most of 
the existing devices for dwellings heating, providing about 80% (55 kton/year) of the 
energy demand. This leads to a considerable reduction in the use of central heating 
plants (from 11.6 kton/year in 1997 to 1.8 kton/year in the last periods) because 
these technologies (most of them diesel oil fuelled) are also characterised by higher 
maintenance costs and a lower versatility with different users requirements. 
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Fig. 2. Use of energy vectors in the reference scenario. 


As concerns water heating, the most widespread technologies are electric boilers 
(61%), which are also used as back-up systems, followed by natural gas boilers 
(21%). 

Also, the Commercial and services sector is characterised by a large use of natu- 
ral gas devices for thermal energy production, which substitute the existing diesel 
oil and LPG technologies, thanks also, to the diffusion of the regional natural gas 
pipeline. 
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Fig. 3. Optimal mix of heating technologies in the reference scenario. 
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4.1.2. The Post-Kyoto scenarios 

The assessment of the potential reduction of carbon dioxide on a local scale is 
important to evaluate the contribution of local systems to the achievement of the 
national KP’s targets, according to the “bottom-up” approach suggested by 
Agenda 21. Moreover, the analysis of CO,-constrained scenarios allows one to 
assess the feasibility of energy saving interventions and renewables use, whose 
investment costs are often not balanced by savings in operating costs. 

For the CO,-4.4 case, a 21% reduction of fossil fuels use is achieved by promot- 
ing relevant changes in the waste management system as well as in the technology 
configuration of both the supply and demand side. 

The main actions involve, on the supply side, the installation of a district heating 
grid and renewable technologies for the production of electricity. Fig. 4 shows the 
contribute of the different technologies to the overall electricity production (220 
kton/year); it can be seen that renewables technologies (photovoltaic, wind energy) 
contribute to about 14% of the supply. 

Also in the demand, sectors are characterised by substantial changes in tech- 
nology use. Heat exchangers, an increase of technologies efficiency, a large use of 
insulation interventions, and the use of thermal solar in the Residential sector. 
These changes have repercussions on the overall regional energy system. Referring 
again to the maximum CO) reduction case of the Post-Kyoto scenario, a substan- 
tial reduction in the total energy use compared to the BASE scenario can be noted 
(Fig. 5). In particular, a further 6% of energy saving can be achieved saturating the 
insulation level of existing buildings and carrying out district heating grids for new 
residential areas, to satisfy part of the thermal energy demand. 

Fig. 5 shows the fossil fuels mix in which an interesting change from period III 
can be noted. This is due to the start up of incinerators with energy recovery. In 
particular the use of heat induces a 11% reduction in the use of natural gas (which 
therefore satisfies the 39% of the demand). 
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Fig. 4. Electric energy production in the CO2-4.4 case of the Post-Kyoto scenario. 
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Fig. 5. Use of energy vectors in the CO2-4.4 case of the Post-Kyoto scenario (the dotted line refers to 
the total energy level of the Base scenario). 


As regards the Civil sector, these trends are explained analysing the optimal mix 
of technologies chosen by the model for satisfying the thermal energy demand for 
space heating (Fig. 6). The average contribution (calculated on the last seven time 
periods) of technology options is the following: 47% combined single-family natu- 
ral gas boilers, 19% heat exchangers, 18% other devices (stoves, fireplaces), 5% 
combined single-family LPG boilers (—29% compared to the actual situation), and 
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Fig. 6. Optimal mix of heating technologies in the Post-Kyoto scenario (CO2-4.4 case). 
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10% centralised heating plants. The CO, restrictions point out the importance of 
promoting interventions concerning the improvement of buildings’ insulation, 
which allows the system a reduction in the fossil uses to 16.6 kton, in the CO -4.4 
case. 

As concerns water heating, some changes in the technologies choice can be noted 
with respect to the BASE scenario: the electric water heating systems, which pre- 
viously represented the main choice, are completely substituted by other tech- 
nology options, according to the following mix: 68% solar collectors, 16% 
combined single-family natural gas boilers, 14% combined single-family LPG boi- 
lers, and 2% heat exchangers. 


4.2. Costs analysis 


Costs analysis represents an important step in the results analysis because it 
allows modellers to better understand the model choices, outlining the key para- 
meters in changing the mix of fossil fuels and technologies, and to provide decision 
makers with an economical assessment of key measures and strategies [28]. 

The trade-off curves of Fig. 7 represent the increase of the total discounted sys- 
tem cost in relation to more severe carbon dioxide restrictions. Beside the CO, 
curve, a second curve points out the trend of the carbon dioxide equivalent 
(CO2eq), obtained by also taking into account the global warming potential (GWP) 
of methane emissions according to the IPCC guidelines [29]. 

The COzeq trade-off curve shows a 6.33% total reduction corresponding to the 
CO,-4.4 case. The cost ranges from 15659 MEuro of BASE scenario to 18 291 
MEuro (+16.8%) of CO>-4.4 case, to which the maximum percentage of reduction 
achievable for the investigated case correspond. The average cost per unit of CO, 
emission reduced varies from 198 Euro/toe in the CO>-3.7 case to 701 Euro/toe 
CO,-4.4 case. 

The energy system cost increase is mainly due to investments in new technologies 
and energy saving options, and it can be emphasised by dual cost solutions analy- 
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Fig. 7. Trade-off curves: Total system cost vs. CO2/CO2eq emission. 
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Fig. 8. Reduced costs of waste processing technologies for MSW: comparison between landfilling and 
integrated system (a) and contributions of different technologies to the integrated configuration (b). 


ses. In particular, reduced costs of technologies permit an assessment of the econ- 
omic feasibility of those options which produce the same commodity, resuming the 
real market price differences as well as their availability and market boundaries. On 
the other hand, the shadow prices determine the market value of resources, taking 
into account the system boundaries and the exogenous constraints. In particular, 
shadow prices analysis is important to assess the applicability of environmental 
fees/taxes on the use of fossil fuels (e.g. the carbon tax) but it is also important to 
promote technological innovation for environmental recovery. 

As concerns the results obtained in this study, in the Base scenario waste man- 
agement is characterised by reduced costs that are zero for landfilling and positive 
for an integrated waste processing system. In particular Fig. 8(a) shows the 
reduced costs for municipal solid waste (MSW) management, which are mainly 
determined by both investment and operating and maintenance costs of incin- 
erators, considerably higher than those of aerobic stabilisation (Fig. 8(b)). 

With regard to dwelling heating, combined single-family natural gas boilers 
are the marginal technology in the BASE scenario (Fig. 9(a)). Nevertheless, the 
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Fig. 9. Reduced costs of two technologies in the reference scenario (a) and in the CO2-4.4 case of the 
Post-Kyoto scenario (b). 
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Table 2 


Average shadow prices of fuels and CO 


Energy vector/ 
emissions 


Diesel 

LPG 

Kerosene 
Natural gas 
Fuel oil. 

Heat 

Electricity 
Carbone dioxide 


Unit 


Euro/toe 
Euro/toe 
Euro/toe 
Euro/toe 
Euro/toe 
Euro/toe 
Euro/toe 
Euro/ton 


Market price 
2000 


801 
1033 
940 
455 
398 
841 
1503 


CO>-3.7 


1361 
1510 
1487 
884 
918 
209 
1887 
2952 


CO>-4.1 


19258 
17179 
19217 
14906 
19646 
16409 
54230 

5903 


CO>-4.3 


30337 
26885 
30198 
23592 
31246 
26429 
86648 

9593 


CO>-4.4 


36095 
31928 
35905 
28106 
37273 
31586 
103494 
12544 


constraints on CO, emissions moves the marginality level so that in the case of 
CO,-4.4 the marginal technology is represented by heat exchangers (Fig. 9(b)). 

In particular, the gap between the costs is strongly reduced by taking into 
account the high shadow prices of CO, and natural gas. 

In fact, the environmental constraint causes an increase of all the fossil fuels shadow 
prices, which is proportional to their potential contribution to CO, emissions. On the 
other hand, the shadow prices of CO, expresses the monetary equivalent of the pol- 
lutant emissions avoided (e.g. per ton CO>-emitted) with regard to the analysed system. 

As shown in Table 2, shadow prices of all energy vectors increase as soon as the 
CO, restrictions become more severe. It can be noted that fuels with higher emis- 
sion factors (such as fuel oil) are those with the most considerable increase of sha- 
dow prices. 


4.3. Environmental effects 


To verify the achievement of the Kyoto Protocol’s objectives it is necessary to 
compare the 2010 emission levels to the 1990 ones. Considering that in Italy the 
average per capita level of greenhouse gases has increased from 1990 to 1997 [30] 
the comparison to the first year of the analysed time horizon (1997) is still correct. 
Table 3 shows that the no-regret options included in the Base scenario allow a 


Table 3 

Emissions reduction achieved in 2010 compared to the 1997 levels 

Scenarios Base Post-Kyoto 

Cases CO,-3.7 CO,-4.1 CO,-4.3 CO,-4.4 

CO2 —5.03% —9.97% —10.01% —10.51% —10.51% 
CH, 0.00% —82.29% —82.29% —82.29% —82.29% 
COzeq —4.26% —21.17% —21.20% —21.62% —21.62% 
CoO —0.06% 0.01% 0.01% 0.01% 0.01% 
NOx —0.15% 0.26% 0.26% 0.24% 0.24% 
SOx —0.33% —0.17% —0.17% —0.22% —0.22% 
TSP —0.07% 0.01% 0.01% 0.00% 0.00% 
VOC —0.05% —2.38% —2.38% —2.38% —2.38% 
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basic 5% reduction of carbon dioxide, comparing the emission levels at 2010 with 
those of the base year (1997). As concerns the environmental constrained scenario, 
a more remarkable reduction of greenhouse gases can be achieved both in terms of 
CO; (up to 10.5%) and CO, equivalent (up to —21.6%) by drastically changing the 
waste management system (passage from landfilling to an integrated system) and 
reorganising thermal energy demand devices in the Civil sector (installation of dis- 
trict heating grids and renewable technologies). 

As concerns local air pollutants, we considered the energy-related emissions of 
carbon monoxide (CO), nitrogen oxide (NOx), sulfur oxide (SOx), particulates 
(TSP) and volatile organic compound (VOC). Comparing again the emission levels 
at 2010 with those of 1997, it can be noted that the more efficient configuration of 
the Civil energy end-uses causes an overall reduction of all the considered local air 
pollutants in the BASE scenario. These environmental benefits are reduced by the 
negative effects of incineration which leads to a general increase of all the pollu- 
tants related to waste burning. 


5. Conclusion 


This research was aimed at supporting energy analysts and energy planners in 
the definition of sound climate strategies on a local scale. In order to assess the 
possible contribution of local energy systems to the achievement of the national 
Kyoto Protocol’s targets, the MARKAL-Basilicata model was implemented using 
the regional variant of the MARKAL models generator. Two dummy “regions” 
were modelled to represent the supply and the demand side and their main feed- 
back of energy and material flows. The implemented model provides a dynamic 
representation of the main macroeconomic sectors, with particular attention to 
electricity production, residential end-uses and waste management (the latter based 
on the results of the sub-system WAMMM model). 

Results show that in the reference unconstrained scenario (BASE) technological 
turnover and mix fuels changes in the Civil sector lead to a general decrease of 
GHGs and local air pollutants. When a consistent reduction of carbon dioxide 
emissions is imposed (Post-Kyoto scenario), the model’s solution offers a wide 
range of measures (technology innovation, insulation interventions on existing 
dwellings, use of renewable energy technologies) which induces a more consider- 
able reduction of the energy-related emissions. An important role is played by the 
waste management system where the passage towards an integrated configuration 
in compliance with the national laws gives a positive effect in terms of GHG emis- 
sions reduction (because of the landfills biogas avoided) but causes further emis- 
sions of local air pollutants due to waste burning. 

In particular, the CO-4.4 case shows a 6.3% total reduction of COs. on the 
whole time horizon (27 years) for Basilicata region, that is, —10.5% of the 2010 
annual emissions compared to the 1997 basis. Trade-off curves point out that the 
average cost of GHG emissions reduction for the local system spans between 198 
Euro/tonCO, (case CO,-3.7) up to 700 Euro/tonCO, (case CO,-4.4), resulting in 
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much higher than the average Italian cost (60 Euro/tonCO, [31]). This is due to 
the fact that most of the CO, constraint is charged on the Civil sector, which intro- 
duces expensive technological options in order to satisfy the exogenous restriction. 
Therefore, future developments will deal with a desegregation of the other macro- 
economic sectors (in particular Industry and Transportation) and with the defi- 
nition of policy scenarios that address both global warming and local pollutants 
[32]. 
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